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Forward
** NEW PHYSICS/PRECISION ‘H’> AT LHC/FCC

AND

> Precision QCD®EW for the LHC/FCC
FUVAEIMITOF EINSTEIN’S THEORY

> Exact, Gauge Invariant Residual Control In
Resummation for UV

Do 1L
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The Archetype:

*Approach to 1% Precision QCD for
LHC Physics via MC Realized
Amplitude-Based QED®QCD
Resummation --

do =Y [dx,dx,F,(x,)F(x,)dé

j
Ny
= Ao, =AF ® Ao, =Ac,(tech)® Ao, (phys)
=

res

Do 1L
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do . = Z do,
n
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Do 1L
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*Approach to Feynman’s
Formulation of Einstein’s Theory

. Amplitude-Based

of the Feynman Propagators therein

o j
IA - (k) =
(k) k2 —m? =3 (k) +ie

j B ()

BAYLOR k? —m? -2 (k) +ie
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e Contact with Standard Resummations,

. Sv\ s
drop O(A) terms, A = V(A/Q),
AN .3 GeV, Q100 GeV = A=5.5%
Bl O e These methods give approximations to our 8,.
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e Contact with Standard Resummations,
CSS- RESBOS, etc.: (see 1305.0023 for details)

der A2l

dQ2dydQ3. 0%

,um

{/ - "”bTL W;(b*; Q, 2.4, zp)el 1@ /A0 ()-0i/a (za.8)-3; 5 (x5 b))

]

+ Y(Qr:Q,z4,78) }

Dropped terms O(Q+/Q) in all orders of «a; :
at 5GeV, Q=M_Z, 5.5% Physical Precision Error(PPE)
Errors on the NP functions g, also yield ~1.5% PPE,...

Do 1L
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e Shower/ME Matching:

e* M e, F, (x,)F, (X

2 ) |ShowerRe alization

BAYLOR
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e IR-Improved DGLAP-CS Theory(PRD81(2010)076008):

New resummed scheme for P,g, reduced cross
section =

£ LK
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e Complete Set ;

i ;..ll: Y5 .'--.I:'r"" {_

1

-'F'- |I|

e Py g -..'--.It

: L5~
e Fyps(g)eT

Do 1L

(24 75} (3 +1a)(4+716)

0.57721566...
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KEY PART OF APPROACH:
BUILD ON EXISTING PLATFORMS

—

IR-Improved DGLAP-CS Theory
U

NLO Parton Shower MC’s:
MC@NLO, POWHEG, ...

Do 1L
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e |llustration:

doycanrLo = [E +V + / (Rye — C)dd H:| d®[Ape(0) + / (Rare/B)Apye(kr)d®p)

+ (R — Rye) Appolbr)d®pd®p

— Sudakov FF

.j,}“r (T I:E}.IP:I — F-_ . - — - (7 | & { I:]:I.i':i'-t]:lﬂ__l_]:"]" I

1z — S . . o
5000 =B+ (B/Auc(0)) / (Byme/B)Ayclkr)dd g

1z -
o= R— Rye — BSgep

]
gy 4
'

=i

BAYLOR for

6/19/2014 B =B(1-2a,RBgcp) +V + / (Rpyre — C)ddp




e Rigorous Contact with Wilson’s OPE:
Repeat the Gross-Wilczek-Politzer analysis of DIS.
From

T .\.’_.‘ = Rl
3 ,‘,‘L; ‘ﬁ;
S VLS o p
JalV),J,\U
e\ / n.{ ) F

y IJQ[O)lpx)(PxIJ a(o)lpF)

(1) allows us to note that

B fLOR
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mm(Ppljﬁ(o)'Px>

) Px e (0)| Pe)mp -+

..W k IJ (O)IPP)W

BAYLOR
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04 A

S

SUM, (QCD)=2at, R Boey +20, By (Kmax), 201, B (Kmax) =

D= I fk S acol k)™~ Kmax—)|

Bl LOR
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and

(Plb:.—-.(o)ll?) IP—
BAYLOR o
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for new matrix y;;'( g

DI
Zall 3

1

0" (0,6, P12 (erg) 0L ((0)(w 75 )
Bl LO
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- ¥ t=4-£ =

0, 62, {8(x-1)+ ”x(x:)[;mrtmn

T(p.k) = fully connected 4-pt fn., Z = field renorm., and

[b B denotesb B®™  , etc.
ax' ~  BP

B LOK
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(11\

F(N)=[,dex"'F(x)and.

'1 \\Vu__Q;px\x. .pr

with  y"(a)aomalous dimension of "0"*

BAYLOR .



T(p.k) is IR-improved T(p,k) =
BAYLOR

20



UL

entifications

rigorous contact with new IR-improved DGLAP-CS theory

B LOK

21



Basic Physical Idea:
Bloch-Nordsieck —

= (O(#"™), n=1, corrections)

(

o
%:r
¢
e

%

£ LK
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Basic Physical Idea:
Bloch-Nordsiek —

Pag(z) — P¥Ppg(2)

Resum terms O((a; In(g%/A?) In(1-2)) )

for IRlImitz— 1 >
Generate Gribov-Lipatov exponents

Do 1L
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T P
A= "::g:nr_:l_.lirjl_n "PE—1)

P I. i
st} .o , R
[ 2l ps,a: + o).
- i

Do 1L

6/19/2014 25



* Herwiri1.031(PRD81(2010)076008):

, Implementation of IR-improved kernels In
Herwig 6.5 environment to get Herwiril.031,
MC@NLO/Herwiril.031.
Observations:
1. SUMs Is an IR effect — It contains as designed.only the
IR part of the LL, the restof the LL isin D and
the residuals 3., as we show in PRD81(2010)076008.
2. Herwiri Is just as general as Herwig6.5, as they run the
same set of processes

Do 1L
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e Herwiri++, Herwiri++/Powheg, Herwiri++/MC@NLO
-- running but still undergoing check-out

e Pythia8(Tjorborn Sjostrand, Peter Skands, Jesper
Christiansen) , In progress

o Sherpa(Jan\Winter), In progress

£ LK
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 Important Technical Point on MC@NLO vs POWHEG
Hardest Emission Sudakov in POWHEG uses full O(a)
emission result (we follow 0803.0883)

R(®p, ®5)

Ap(pr) =exp | — [ by ——— 0 (kp (g, Pr) — pr)
qlpr) =ex |: | ®r =g,y ¢k (@8, Pr) —pr

> must synthesize this with (1) as well

e Some Illustrative results follow
BAYLOR
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e HERWIRI1.031 -- PRD81 (2010) 076008:

— For the CDF rapidity data, HERWIRI1.031 is closer to the data than is
HERWIG6.510 (1.54 vs 1.77 for '\"QId.o.f. resp.);
for MC@NLO/HERWIRI1.031 and MC@NLO/HERWIG6.510
the '\'Efd.o.f are 1.42 and 1.40 resp., both are within 10% of the data
—> Need NNLO level, in progress.

For the DO p; data, HERWIRI1.031 gives a better fit
to the data compared to HERWIG6.5 for low pp,

for p7 < 12.5GeV, the Y?/d.o.f. are ~ 2.5 and 3.3 respectively

- we add the statistical and systematic errors,

showing that the IR-improvement makes a better representation

of QCD in the soft regime for a given fixed order in perturbation theory.

BAYLOR
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 LHC DATA: CMS Rapidity & ATLAS PT Spectrum
for Z/y* Production

(a) (b)

CMS Vector Boson Rapidity ATLAS Generated Z Transverse Momentum

DGLAP=CS
— IR.Imp.DGLAP-CS

DGLAP-CS

— IR.Imp.DGLAP-CS

o
=]
a

i

—-

5
-—
]
4
L
-

1/c x do/dp, (GeV/c)’

0.5 1 1.5 2 2,5 3 3.5 5 10 15 20 25 30
Y(Z) ZIv* P, (GeV/c)

O
(=]

Fig. 2. Comparison with LHC darta: {a) CMS rapidity data on (Z/y ") production o e”e™, ,u+,u‘ pairs, the circular dots are the data, the green (blue) lines are HERWIGE.510
(HERWIRI1.031); (b) ATLAS pr spectrum data on (Z/)*) production to (bare) ete— pairs, the circular dots are the data, the blue (green) lines are HERWIRI1.031 (HER-
WIGE.510). In both (a) and (b) the blue (green) squares are MC@NLO/HEEWIRI1.031 (HEERWIGE.510 (PTRMS = 2.2 GeV)). In (b), the green triangles are MC@MLO/HERWIGE.510

(PTRMS = 0). These are otherwise untuned theoretical results. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of
this Letter.




» LHC DATA: LHCDb Rapidity for Z/v* Production(e*e’)

LHCb Vector boson rapidity

x?/d.o.f:

746, .814, .836 for
MC@NLO/Herwiri
MC@NILO/Henrwig
(PTRMS=0),
MC@NLO/Herwig
(PTRMS=2.2GeV),

respectively
BAYLOR
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» LHC DATA: LHCDb Rapidity for Z/* Production

4+ -
()
LHCb Vector boson rapidity

x?4/d.o.f:

{13, .955, .537 for
MC@NLO/Herwiri
MC@NILO/Henrnwig
(PTRMS=0),
MC@NLO/Herwig
(PTRMS=2.2GeV),

respectively
BAYLOR

g
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» Observations
1. For the unimproved case, the data suggest that
we need a GAUSSIAN (intrinsic)
PTRMS = 2.2 GeV
[ Herwiril.031(blue line), Herwig6510(green
line(PTRMS=2.2GeV)), MC@NLO/Herwiri1.031(blue
sguares)MC@NI-O/Hernwig6510(green sguares
(PTRMS=2.2GeV), green triangles(PTRMS=0))]
( similar to what holds at FNAL)
2. This same shape Is provided from fundamental
principles by the MC@NLO/Herwiri1.031 with
PTRMS = 0 GeV ( similar to what holds at FNAL)

B LLOR 3



» Observations (Quantitative)

1. Unimproved case, the respective y2 /d.o.f.’s are
1.37, 0.70 (MC@NLO/Herwig6510(pTrRMS=2.2GeV))
for the pr- and CMS rapidity data

2. IR-improved case, the respective y? /d.o.f.’s are
0.72,0.72 (MC@NLO/Herwiri1.031) for the p+ and
CMS rapidity data

3. Unimproved case, the respective y? /d.o.f.’s are
2.23, 0.70 (MC@NLO/Herwig6510(ptrMs=0))
for the p; and CMS rapidity data

4. So far, LHCD rapidity data support these results. p-

data for LHCD still under study: need

BAYLOR unfolding matrix process, etc. "



» Which is Better for Precision QCD Theory?
1. Precocious Bjorken Scaling in SLAC-MIT
Experiments: already at Q% =~ 1, GeV?

= PTRMS? small compared to 1, GeV/?
See R.P. Feynman, M. Kislinger and F. Ravndal, Phys.
Rev. D3 (1971) 2706; R. Lipes, ibid.5 (1972) 2849;
F.K. Diakonas, N.K. Kaplis and X.N. Mawita, ibid. 78
(2008) 054023, K. Johnson, Proc. Scottish Summer
School Phys. 17 (1976) p. 245; A. Chodos et al.,
Phys. Rev. D9 (1974) 3471, ibid. 10 (1974) 2599; T.
DeGrand et al., ibid. 12 (1975) 2060; .... —

Do 1L

6/19/2014 37



» \Which is Better for Precision QCD Theory?

2. The first principles approach Is not subject to
arpitrary functional variation to determine ItS Aoy,

3. Experimentally , events In the two cases
should look different in terms of the properties of the
restrofithexparticlessinthe events —

Here, we show the following.

Do 1L

6/19/2014 38



For example: 2.2% Peak Effect

Vector boson mass distribution

p_'r,p_'rb > 20 GeV

DGLAP-CS

—— IRImp.DGLAP-CS

80 100 120 140 160 180

6/19/2014
GeV




THEORY COMPARISON: FINER BINS -- 0.5GeV vs 3.0GeV

=
=
o

oy
=]
a

i
=
=
B

-~
S
[
o
o
:

1o =

4 6
BAYLOR Ziy* p, (GeVic)
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OBSERVATIONS
* |R-Improved DGLAP-CS Theory
Increases Definiteness of Precision
Determination of NLO Parton
Shower MC's and Improves Such.
* More Potential Checks Against
Experiment Are Being Pursued.

Do 1L
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e MORE THEORY COMPARISONS:ATLAS(1107.2381)

Combined ee+upn ATLAS (b)
—=— Data 2010 i y
— RESBOS I L dt = 35-40 pb
-— PYTHIA -
—-MC@NLO
— POWHEG

ALPGEN
— SHERPA

|
CLgal ji==it |

":—1_»-:T_l‘""."" ]

{BRESBOS

.-E-.
o
5
E:
&
o
i
o
m
O

I | < 2.4
[fT:rEU GeV
6b GeV «my < 116 GeV

10
BAYLOR
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e MORE THEORY COMPARISONS:Hassani(EW Moriond,
2013) _{ @y = tan(z(m — Ag)) sin 6 }

Z[y* transverse momentum (dG/dq)*.],](II))

III| T T T IIIIII
e &' +p'p Data 2011

- HRESBOS
A. Banli el al.

| T T T LI III| T T T TTTTT 1] T L I | II
' o c'e 4w Data 2011 ATLAS

— RESBOS _[Ldt =461
e FEWZ 2.1 Ofed) ]

T ws=T7 TeV

TF <24

| py>20GeV ’

- 66 GeV <m, <116 GeV ILdt:d.ﬁm" 1
Ll L

- wNe=T7 TeV

TE <24

i pﬁpEﬂGeV

- 66 GeV <m,, <116 GeV

' |
L T W 1 T B T Lo L L L

107 10 1o’ 1 10 i0*® 10’

%,
D .
0
7
w
o
Ty,
=
Re]
k3!
o
=
8

18]
o

Data (Prediction) / RESBOS

0

Calculations from A. Banfi et al. (resummed QCD predictions+fixed-order pQCD)
is less good than ResBos

Measurement precision about one order of magnitude lower than the
present theoretical uncertainties

FEW/ predictions undershoot the data by ~10% which confirm previous CDF
observation (PRD 86,052010)  See Julia's and Stefan’s talks




Near Future

* Herwig++(soon, running , under
Ccross checks)

* Pyhtia 8,6 (w consultation from
Peter Skands and Torbjorn
Sjostrand, Jesper Christiansen)

* Sherpa (w consultation from Jan
Winter)

Do 1L

6/19/2014
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Near Future
*New Observables: ¢,” (w py cuts, etc.)
*New Data: ATLAS & CMS,
EACH > 107 lepton pairs

“HERWIRIZ 1 )
HERWIGG6.5 = KK MC 4.22
KK MC 4.22 ( )
PRD 88 (2013) 114022
SRR ... "MC@NNLO(see also Julia’s and

6/19/2014 45
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KK MC 4.22

| Umax | KlCsom Befer. | Olotlmme | Ole”jopme mtOFF | Ola7jomx
I ey -
m D913 £ 00000 [ 09150 £ 0.0004 09150 £ 00004 | 09525 £ 00004
' 1007 £ 00004 | 10808 £ 0.0004 | 1.0520 + 0.0004
11612+ 0.0000 | 116154 00004 |  1.1616£0.0004 | 11691 £ 0.0004
11974 + 0.0000 | 11977+ 0.0004 | 1.1951 £ 0.0004 | 1.2036  0.0004
12310 +0.0000 | 1.23124+ 00004 | 1.2317 £ 0.0004 | 1.2357 + 0.000
16104 + 0.0000 | 1.6128 + 0.0003

[ 4+ 0.0004 . (.0004 | 0.1 + (. IIHI!

3 4 0.0004 ). + ().0004 + (1.0004

4 4+ 0.0004 0.5875 £ 0.0004 | 0.2 0.0004

[.5845 £ 0.0004 [1.5546 + 0.0004 | 0.5868 £+ 0.0004

04736 :I:[Z.:Z' () | 0.4722 £ ().0003 1.4728 + 0.0003 | 0.47: (.0003

m 04710 £ 0.0000 | 0.4691 4 0.0003 0.46097 + 0.0003 I..I.-1| lr.- + (.0003

TABLE II. Study of total cross section o{vpay ) and charge asymme-
try Apg(Vmax ). dd — g p, at /5 =189GeV. See Table 1 for defini-
tion of the energy cut vy, scattering angle and MLE. type,

BAYLOR
v=1-5s’/s
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KKMC

Physical Precision of CEEX ISR

The difference between second and first order CEEX results for at 189GeV
The energy cut is on srf's? where s’ = *.rnf"”r_
Scattering angle is # =60*.

[angize &* is gennad i Phys. Rey. D41, 1425 {1090]]

: 0.0040
0.010 | ] -
: T ON ] Y (2) (1) MET VN
]E_] {:l}: o ' 4'3 _ ,1'3 —— IFI ON
—— 1FI OFF ] oo0z0f — IFI OFF

0.0000 F

—0.0020 |

 —smongon  UMAX ooy

0.2 0.50 (.72

A pongo Be
oY

. Jadach, B.F.L. Ward, Z. Was May 27, 201




More on KKMC version 4.22 (2013)

Physics extensions, 3rd step: PDFs for quark beam

Quark beams at energies varying according to PDFs.

Main problem in the code: variable /s from one MC event to another.
Luckily already solved for beamstrahlung.

Test for |\uu — e et + nvy|at /s = M.

KKMC vs. KKsem not available :
Only kinematics was tested, see event printout next slide.
B LD
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More on KKMC version 4.22 (2013)

Physics extensions, 3rd step: PDFs for quark beam

RS S RS E R R R EEEEE RS R R R R E R SRR RS R R RS R R R SRR SRR EREEEEEEEE;
FE Monte Carlo
4.22 May 2013
CME energy average CMS5ene
Beam energy spread DelEne
Max. photon mult. npmax
wt—ed or wt=1 ewvts. FeyWgt
ISR switch FeyIGR
FSR switch FeyFGER
ISR/F5R interferenc FeyINT
Hew exponentiation FeyES
Hadroniz. switch FeyHad
Hadroniz. min. mass HadMin
Maximum weight WTmax
Max. photon mult. npmax
Beam ident EFini
035000 Manimum phot. ener. Ene
0000E- Fhot.mass, IR regul MasPho
0ooo Fhot. mult. enhanc. Xenph
00000 FolBeaml (1} Follx
iy FolBeaml (Z) Folly
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KKMC 4.22

NON-ZERO PT H.O. EW CORRECTIONS,
2% = Aoy,

« OTHER EFFORTS TO IMPROVE RESUMMATION IN
PROGRESS: EW COLLINEAR REGIME - BARZE ET AL,

 NEW NLO and NNLO RESULTS: multi-leg, tt, ...
« WHAT WE CAN SAY IS THIS: FULL EXPLOITATION OF

LHC/FCC DISCOVERY POTENTIAL WILL NEED SUCH
EFFORTS
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Possible other extensions?

Could one include/improve QCD correction for the incoming beams?
Yes, for example classic NLO corrs, Powheg style etc.

In this case the upper level of KKMC would be replaced by C++ code,
which is already in place in some simple form.

The extension to gg — W — [ + v is thinkable, but would require
update of the QED matrix element (EW corrs. 7)

NE. t-canel W exchange with h.o. QED is already there for v chanel
and could be exploited as a starting point.

However, the bottom line still vailid is:
Let us exploit the existing KKMC as much as we can for LHC/FCC(-ee)!!!

BAYLOR




Z Invisible width from a(ete™ - vvy)/o(ete™ = uuy)
-- Subtitle:

Study on theoretical uncertaincies (QED)
in the measurement of Z the invisible width

from e e" — v + 7 + v using KKMC

S. Jadach, B.F.L. Ward and Z. Was

IFJ-PAN, Krakow, Poland

Partly supported by Polish Government grant
Narodowe Centrum Nauki DEC-2011/03/B/ST2/02632

To be presented at FCCee Physics study meeting
CERN, March 10th, 2014
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Z Invisible width from a(ete™ - viy)/a(ete™ - uay)
, S. Jadach et al., in progress:
@ Z invisible width in terms of number of neutrinos from LEP
N, =2.984 +0.008

@ According to “The TLEP Design Study...", page 29
http://arxiv.org/abs/arXiv:1308.6176
could be measured 10 times better.

@ TLEP run near WW threshold 5pb would ensure 3M events with
visible photon and invisible £ — vi7 decay.

? No reliable estimate of the theoretical (QED) uncertainties at this

precision level — only hope that this process is possibly better
that Z peak cross section.

@ Let us make 1st step in working out such an estimate...

BAYLOR




Acceptance criteriafore e - v+ v+ v

Acceptance criteria:
@ Minimum photon angle ©pin = 15°,
@ Minimum photon energy x, = 0.3, E, > X, Epeam,
@ Minimum phot. transv. mom. x7 = 0.3, kn;‘.r > Xy Epeam.
@ Only one photon within the above restrictions.

Variable v = E., /Epeam Will be used in the histograms.
MC results will come from KKMC version 4.22, see above.

BAYLOR




Acceptance criteria at work, 161GeV

Photon multiplicity. All {blue) and visible {red). 161GeV MC weight
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H.O. QED corrections estimate, neutrino channel.
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Defining e~ e™ — v + 7 + ~ as Born, CEEX1 is Born with soft photon
resummation and CEEX2 is 1st order soft photon resummation.
QED uncertainty ~ 1 — 2%.




Normalization from muon channel?

@ For calculating invisible width from e~ e™ — v~ process
we need to get normalization from somewhere.

@ One possibility is to use similar SM process
e~ et — u pt~ with the muonic decay of Z.

@ We require only angular cut on both muons: cos ¢, < 0.95.
@ Selection of single radiative photon exactly as for neutrinos.
@ We examine QED corrections in the same way.

BAYLOR




H.O. QED corrections estimate, muon channel.
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Defining e~ e* — pu—u™ as Born, CEEX1 is Born with soft photon

resummation and CEEX2 is 1st order soft photon resummation.
QED uncertainty again ~ 1 — 2%.




QED corr. estimate in o(viy)/o(p pty)

RS, Ty, R, for CEEXZ (red), R, for CEEX1 (blus),
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QED corrections seems to cancell dramaticaly in the ratio
o(viy)/o(u~ ). They drop to ~ 0.03% !!.

This is PRELIMINARY result requiring further tests.



Importance of {-channel exchange
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The t-channel exchange is present in electron neutrino channel.

It is of order of 10% It cannot be easily minimized by cutoffs, it has to
be reliably calculated and subtracted!




[, .y SUMMARY

Conclusions-I

From this limited study using KKMC at 161GeV we conclude that:

@ QED corrections are sizeable, their uncertainty in o () is
estimated ~ 2%

@ QED uncertainty seems to drop dramaticaly in the ratio
a(viry)/o(p—pty), downto 3- 104! = ANEh =~ 0.00045 (prelm.)

@ f-channel contrubution is ~ 10% near Z peak in pthﬂ-ﬂ eneraqy.
Possibly the bigest source of theoretical uncertainty in N,
measurement from ratiative return.

To be studied further most urgently:
@ The dependence on /s
@ The dependence on ., and other cutoffs

@ Dont give up on N, from Z-peak cross section!




Here, one has to take care of the t-channel charge flow when the W is
exchanged when one is exponentiating using YFS theory. YFS theory
states that only the external line radiation exponentiates (as seen in
PRD73(2006)073001 in the virtual corrections to bremsstrahlung) and
we currently see no reason why this theory will not hold for the W
exchange graphs, wherein the W is off-shell and internal.

The t-channel exchange of W does not bring Bhabha-style collinear
enhancement as W Is massive, but cancellation of gauge dependencies
Is far more complex.

Predictions-forvvy-production-at-LEP by D. Bardin, S. Jadach,

T. Riemann, Z. Was, Eur. Phys.J. C24 (2002) 373 was devoted to
match of first order matrix element with exponentiation -- initial state
bremsstrahlung style. Real and virtual corrections were discussed.
Gauge invariance, infrared / collinear singularities and tree level
matrix element for e* e —» v(e) v(e) yy, Z. Was, Eur. Phys. J.C44
(2005) 489, was devoted to second order matrix elements.

The two publications together with basic references of KKMC were

BAYLOR sufficient for the precision requirements of LEP time.



zinv SUMMARY

o In general results were however not explored to the limits and
work for evaluation/improvements of the precision estimation Is
required.

o This may be specially important effort for virtual corrections for
the respective single photon emission amplitudes.

 On the other hand, the actual steps for the work are rather clear.

« NO limitations of: principle are to be expected.
s \eedstiocompanevitheinerapproaches

Conclusions-Ii

sayLor KK MC Is still alive and
1912014 possibly still useful! o



» Recent Progress:
A
In Phys.Dark Univ. 2(2013)97, using

we show that we get the UV limit

Do 1L
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and the scalar contribution to A as

" 7y 2 i 2N 1 B2 fen 2 1)
]' f_fi L ﬂ?j\‘ﬁ ) E:_-}'tfr‘{_ k< /(2m=)) In(k” /m~+1)

E2 4+ m?
2

] Jr_?—IILTC

A Dirac fermion gives 7 times A..
= UV limit

L
" 22N —1)%3 In; |.-'

||.._.r
1

I—

= (),0817
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[Hlustration(Laucsher&Reuter(PRD65(2002)025013))--
UV Fixed Point:

B (A, g e, :fl——”u—|—:me-|—[H‘|;f—1-|—H“||_1— )= ﬁ'IH 5(0) — (d — 2) ]1: Ik

1 - v _y 3 [ PR a . R
+5d(d + 1)(d — 2)(4n)’ ~T iy ®}(0) g2 + O (2°)

By( M, gii a,d) = (d — 2) gi — (d — 2Jwagh + O (&)

£ LK
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For d=4, cut-off profile
RO(y) = yi(e¥-1),

7/(13 7 2/144+55/24+a)

O~
3/(3)/(13 1 2/144+19/24 )

A

e |12

Evidently, for appropriate @ and We can have
qualitative agreement with our pure gravity results

g. =0.0533
1. =~ -0.000189

BafLOK
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Planck Scale Cosmology --

Transition between Planck regime and
classical FRW regime at
tr — 251:PI

Do 1L
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For = time of radiation matter equality

We get (see Branchina&Zappala (G.R.Grav.42(2010)141))

e __1. Ij?:.l: I: 1 | | '| rllj'h_l I I‘II Ill I]r?:.l: .I :I'j T._ I: . ] -|I I Ii..l

=
I-IT

=t

t.:.J
= (2 400 x 102V

68 = 102V (1 £+ 0.023))4
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CONSISTENCY CHECKS

Consider GUT symmetry breaking:
It gives a Mg /(.01 My,*/64) < 10°
correction, which we drop here.

Do 1L
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CONSISTENCY CHECKS

B-R BDY CONDITION: H(t, )=H(t,.)
= (Gauge Transformation Between Planck
Scale Regime and usual FRW Regime
= af ly = 1/ (Z(ttr'tas))
= .= (1-1/2a))t, , with t, = a/M;,
a =25.
—
alt, = 1/(2yt,) = y=1/(2a)

= M3(1.0362)79.194 x 103(25)/ (6463, )
B LD (3/(87Gn)) (1/(2y taan)?)
6/19/2014 el LT




CONSISTENCY CHECKS

Raises the guestion of GUTS: Use SO(10)
SUSY GUT Approach off Dev: & Mohapatra
(PRD82(2010)035014):

Intermediate Stage:

SUL xSU, . xU XSU(3)

SIVIE Stagerat ~2 eV = Vik:

SUL, XU XSU(3)E

SUSY Breaking at EW scale Ml.:
6/19/2014 U 1)(SU(Q,)C
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CONSISTENCY CHECKS

e Possible spectrum

mg = 1.5(10)TeV
mgs = 1.5TeV
mg = 1.0TeV
m; = 0.5TeV
= 04TeV, i =1
Meo =
A 05TeV, i =2.3.4

Ny =05TeV, i =1.2
f

mg = 5TeV, S = A°, H*, H,.

BAYLOR
AR TR VEE W E T AC[,.].:._

J€{MSSM low energy susy partners )

6/19/2014 .
= 1.13(1.12) x 107




Compensate by either (A) adding new susy
families with scalars lighter than fermions or
(B) allowing the gravitino mass to go to

~.05 Mg 7~ 2x 101> GeV.
For approach (A),

new quarks and leptons at
Myign™ 3-4(3.3) x 103 TeV,

scalar partners at ~.5TeV =M __,




CONCLUSIONS

* Herwir11.031 Just as General
Herwig6.5, No Tweaking, Should
Be Better in - Due to Bloch-
Nordsieck Effect

*HAKIVIC A 227 NEW Precision EVW
Results at LHC, TLEP

* Real Progresson A In QFT
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